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INTRODUCTION

Nuclear density gauges using gamma rays are utilized in the RDX
and HMX production lines at the Holston Army Ammunition Plant (HAAP),
Kingsport, Tennessee. The gamma flux in these gauges is in the order
of 225 Roentgen/hour (R/hr). During normal shutdowns of 90 to 120
days without decontamination of the operational equipment, explosive
residues are subjected to long term low-level gamma irradiation, and
HAAP became concerned over the possible effects of gamma rays on these
explosives. This concern was based on information published by
Mackenzie (Ref 1) who quotes Urizar et al. (Ref 2) in saying that the
thermal stability of RDX, as determined by differential thermal analyses
(DTA), is affected by irradiation.

In order to assure the safety of the operations at HAAP, the U.S.
Army Armament Command requested that Picatinny Arsenal determine
whether or not RDX/HMX residues could be subjected to sufficient
irradiation under these conditions to adversely affect their thermal
stability and, thereby, endanger production operations.

METHODS OF APPROACH

Literature Survey

A detailed search of both classified and unclassified literature
was conducted to determine what information was available on the gamma
irradiation of RDX, HMX, and their mixtures. In the work by Urizar
et al. (Ref 2), HMX and RDX were irradiated in a nuclear power reactor,
subjected to the combined steady-state effects of neutron and gamma
radiation. Samples of the explosives were exposed at two flux levels.
The first exposure involved a total neutron dose of 7 x 1014n/cm2 with
a tota]l gamma radiation of 5 x,10”R. The dose rates were, respectively,
6 x 10100/cm?-sec and 3.6 x 106R/hr. The second exposure was at a
higher level. The total neutron dose was 2.6 x 10l n/cm® with the
gamma radiation bein% 2.4 x 10%R. At the second level the neutron
dose rate was 3 x 10 ln/cmz—sec and the gamma 1 x 107R/hr. A three-
gram sample of each explosive was irradiated in an individual
evacuated quartz ampoule, then subjected to a variety of physical and
chemical tests. Only minor effects of the irradiation were noted at
the lower exposure level, but extensive deterioration occurred at the
1016 dose level. The Differential Thermal Analysis (DTA) results are
discussed below.

The literature search revealed that one of the first investiga-
tions on the effects of gamma rays on explosives was conducted by the
Los Alamos Scientific Laboratory and the Oak Ridge National Laboratory
in 1948 (Ref 3). RDX, tetryl, TNT and Comp B were placed in6activated
uranium slugs for 10 days for,a total gamma dose of 8.6 x 10 R. With
a gamma dose rate of 3.6 x 10 R/hr, the low intensity of irradiation

produced no visible changes in the explosives, the gas evolution was



slight, and the changes in the melting points were negligible.

In 1955 Warren et al. (Ref 4& irradiated a group of explosives,
including RDX, with 0.41 Mev Ayl 8 gamma rays at three different
temperatures (70°C, ambient,’and -40°C) in order to determine the
effect of radiation on the thermal stability of the explosives. 1In ¢
this experiment, the gamma dose rate averaged 105R/hr with total
doses ranging from 1.2 to 4.8 x 10’R. The vacuum stability test was
used to determine the amount of gas evolved during and after irradia-
tion. The gas evolved from the RDX sample during irradiation was
1.49 ml/gm in 44 days. After irradiation the evolution was 2.5 ml/gm
in 40 days. Based on these results, Kaufman (Ref 5) stated that the
lower 1limit of gamma—radiation dose at which decomposition could be
detected was 10°R.

Piantanida and Piazzia (Ref 6) performed a series of experiments
on five explosives, including RDX, using Co gamma rays. The first
utilized relatively brief exposures to high intensities; the second,
long exposures to low intensities, and the third, very brief exposures
to extremely small intensities followed by long aging. The second
and third series of experiments were relevant to the situation at
HAAP, The explosive samples in the second experiment were exposed
to gamma rays of 10R/min for 70 days. Only a slight variation, which
was barely noticeable, was found in the stability of RDX after
irradiation. 1In the,third series of tests the explosives were exposed M
to total doses of 10 R for 20 minutes, 10°R for 3.5 minutes, 10“R for
3 minutes, and 10R for 0.3 minutes. After 180 days of aﬁing at room
temperature the samples were checked by the Taliani test™ and no changes
were found.

Berberet (Ref 7) exposed pellets of RDX and HMX to Co60 gamma
rays. The total doses ranged from 4.6 x 10’R to 7 x 10°R and the low-
est dose rate was 2.3 x 10°R/hr. At the lowest dose, a 1.2% weight
loss was recorded. Both explosive specimens crumbled at the highest
total dose.

Avrami, Jackson and Kirshenbaum (Ref 8) also conducted a study on
HMX and RDX in powder and pellet7form. These,materials were irradiated
with tgtal Co”Y gamma dose of 10, 108 and 10°R at a dose rate of
6 x 10° R/hr. The effects were determined by the vacuum stability
test, weight loss, thermogravimetric analysis, differential thermal
analysis, melting point determinations of the five-second explosion
temperature test, and a detonation velocity test. They found that  HMX
can withstand gamma radiation to a level or7tota1 dose of 1.0 x 10°R,
while RDX can withstand a level of 1.0 x 10'R. In each case, properties

of the explosive were gradually affected as a function of total dose

1. The Taliani test is conducted in a 120°C vacuum oven and the time
taken to attain 300 mm of pressure is a measure of stability. .




until complete deterioration occurred above the levels indicated.

In no instance did the survey reveal any data that indicated dose-
rage depﬁndency Extrapolating total doses to exposures less than

- 10'R did not produce any meaningful data. The lack of low level
long—term irradiation data did not permit comparison,with equivalent
total doses obtained with much higher dose rates (10 times greater)
to determine whether or not a dose-rate dependency does exist.

Experimental Procedures

The experimental program was selected to duplicate the conditions
at HAAP. The sample explosives were:

RDX

HMX

90/10 HMX/RDX
50/50 HMX/RDX
10/90 HMX/RDX
Comp B

The mixture selections were made to determine whether composition
had an effect. The materials used were: RDX, Type B, Class A, Hol.
Lot 21-18; HMX, Grade II, Class A, Hol. Lot SR 43-63; Comp B, Hol.

Lot 050-5688.

-

b R i

The Co60 source at Picatinny Arsenal was used, and the explosive
samples were exposed to an average dose rate of 225 R/hr for 90, 120
and 150 days (Table 1) in explosion-proof irradiation capsules
developed at Picatinny Arsenal (Ref 8).

Table 1 - Co60 gamma irradiation data

Length of irradiation Gamma dose rate Total gamma dose
Days (hours) R/hr R
90 (2160) 226.2 4.89 x 107
120 (2880) 225 6.48 x 105
150 (3600) 223.8 8.06 x 10

The powdered samples were irradiated at ambient conditions with
hand-tightened caps on the irradiation capsules to simulate actual
conditions. After each exposure, the explosive samples were tested to
determine if any changes had occurred in any of the materials as
compared to the results of the same tests with unirradiated materials.
The test sequence was:

1. Differential Thermal Analysis (DTA)

The DTA studies on the explosive samples were performed with



a duPont 900 Differential Thermal Analyzer at a heating rate of 20°¢/
minute in a helium atmosphere. The technique is described elsewhere
(Ref 1). g

2. Thermogravimetric Analysis (TGA)

The TGA studies were conducted with the duPont 950 Thermal
Grav1metr1c Analyzer which is an attachment to the duPont 900 DTA. A
20 C/m1nute heating rate (as in the DTA studies) was used, and the
temperature at which a 107 weight loss occurred was recorded.

3. Weight Loss Determination

A direct measurement of weight loss was made for each
explosive sample. The sample was weighed before and after irradiation.

4, Vacuum Stability Test

The vacuum stability test (VST) was conducted at 100°¢ for
40 hours with one gram samples of explosive.

5. Infrared Spectrometry

The infrared spectra for the explosives were obtained by
using the KBr (potassium bromide) pellet technique.

6. Impact Sensitivity Test

The Picatinny Arsenal impact machine was used with a 2—kg"

dropweight to determine the effect of gamma radiation on the sen31t1v1£y
of each explosive to mechanical impact. The 50% fire point was obtained

by the Bruceton Up-Down Method while the Picatinny Arsenal Test Method
was used for the 107% point.

7. Explosion Temperature Test

The confined, or closed, explosion temperature test of
Henkin and McGill (Ref 9) with modifications (Refs 10 through 12) was
used to determine the time to explosion at a given temperature.

RESULTS

From the DTA studies, the onset and peak temperatures for the
endotherms and exotherms are listed in Table 2. Typical DTA thermo-
grams of unirradiated and irradiated RDX and HMX are displayed in
Figures 1 through 4.

The change in mass as a function of temperature was measured by
the TGA method. The TGA thermograms are sufficiently reproducible
to permit the determination of the temperature-stability ranges of the




explosive materials. The results for each of the explosive materials
obtained as a function of total dose are listed in Table 3,

The weight of each explosive was recorded before and after
irradiation while the explosive was in the quartz vial. These results
are listed in Table 4.

For the 100°C vacuum stability test only the samples irradiated
for 150 days were tested, and the results (listed in Table 4) are
compared to literature data for the unirradiated materials. The IR
spectra of all the irradiated explosives were identical to the control
IR spectra. No color changes were induced in any of the explosives
by the irradiation,

The impact sensitivity test results for the 10% and 50% points as
function of total gamma dose are listed in Table 5.

The explosion temperature data were utilized in a computer program
to determine the apparent activation energy and the explosion
temperatures for 1 second, 5 seconds and 10 seconds. Only an apparent
activation energy is determined since the explosive is not subjected
simultaneously to isothermal heating. The 5-second explosion tempera-
ture is the value usually reported. The results are listed in Table 6.

DISCUSSION

The DTA thermograms of RDX (Figures 1 and 2) show minimal changes
between the control sample and the sample irradiated for 150 days.
From Table 2 it is evident that the 90- and 120-day gamma irradiation
did not cause any significant changes. For each of the 1rrad1ated
samples, no exothermic reaction occurred between 50°C and 150°C as
reported by Urizar (Ref 2).

Figures 3 and 4 are the thermograms for the control HMX and the
150-day irradiated HMX, respectively. Although the curves are very
similar, two slight differences are visible. The two endotherms in
the control sample at 181°C and 262°C are shifted upwards as a result
of the 1rradiat10n The first endotherm is the crystal transformation
occurring at 181°C when the monoclinic B-HMX changes to the §-form
(Ref 13). The other endotherm is the melting point which leads
immediately into decomposition. Since no drastic downward shift
occurred in the endotherms or exotherm, it can be concluded that the
thermal stability of the HMX was not affected by the 150-day gamma
irradiation. A closer look at Figure 4 does show very slight indica-
tions of an exothermic reaction just before each endotherm (an increase
of AT < 0.2 C) Although the slight surge at the higher temperature
(v2757°C) is probably a part of the decomposition process, the cause of
the initial rise (%183°C) could not be determined due to the very
small exothermic change.



Urizar et al. (Ref 2) reported that the reactor-irradiated
(neutrons and gammas combined) HMX and RDX produced a DTA curve which
exhibited an exotherm beginning at 50°C to 75°C and peaking at 155°C
to 16OOC with a AT%l—ZoC. Longhran (Ref 14) indicated that a small
exotherm occurs only with a gamma dose > 10'R. This also can be seen
in the regults for HMX reported by Avrami et al. (Ref 8) at doses
of 1.1x10"R. It was concluded that the slight exothermic reaction
before the B Z § HMX polymorphic transition could be caused by a
radiation-induced impurity or diffusion of occluded gases which would
have no effect on its sensitivity or stability. 1In this study and in
the work reported by Avrami et al. (Ref 8) no exotherms prior to
melting point endotherm were produced in the DTA curves of gamma
irradiated RDX.

A comparison of the DTA curves of RDX and HMX (Figures 1 through
4) with those in the literature (Refs 15 through 17) showed some
differences. These are attributed to (1) the purity and particle size
of the material, (2) the atmosphere (N,, He or air) in which the
sample was run, (3) the equipment used, and (4) the heating rates.
The RDX/HMX and Comp B used in this experiment were military grade
materials from the production line, whereas the materials normally
described in the literature were of reagent quality.

The work of Castorina et al. (Ref 18) may give further insight to
the formation of the slight exotherm preceding the melting point
endotherm produced in HMX by gamma radiation. Those investigators
studied the surface activity o£6gamma-HMX in vacuo and in H,0, NO and
NO2 vapors as a function of Co gamma dose, They found that when
gamma—EMX was irn9diated in relatively low doses (ranging from about
1 x 10 to 7 x 10'R), adsorbed water molecules interacted with the
substrate to form polar adducts. The dose had no appreciable effect
on the bulk molecules except, perhaps, to produce excited states which
eventually populated the surface. With higher doses the probability
of an exothermic reaction occurring is more likely.

With the 50/50 HMX/RDX, 90/10 HMX/RDX, 10/90 HMX/RDX and Comp B
samples, the DTA curves of the irradiated samples did not show any
significant differences from the control samples. The TGA data
of the control and irradiated samples shown in Table 3 reveal that in
none of the HMX/RDX samples, control or irradiated, did the onset of
decomposition occur below 18000, while in the Comp B samples decomposi-
tion onset occurred near 130°C. This also indicates that the thermal
stability of these materials was not adversely affected by the gamma
radiation.

The results in Table 4 for weight loss measurements, vacuum
stability tests, and infrared spectra did not reveal any significant
differences between the control and irradiated samples. The weight
losses were small and the slight increases are attributed to the
high humidity prevalent during the irradiations at ambient conditions.




The changes were sufficiently small to be considered within experimental
error.

The impact test results listed in Table 5 did show some changes
in that some of the samples showed an increase in the height of the
50% point, while others showed a decrease. However, more importantly,
from a safety point of view, the gamma irradiations for practically
all of the explosives did not cause any increase in the 10% point
sensitivity, i.e., there was no decrease in the height of drop for
the 107 point. In the case of HMX and RDX, the height of the 10%
point was greater with the irradiated sample than with the control,
whereas, Comp B did not show any significant change. Since the 10%
point in the Picatinny Arsenal Test is usually one fire in ten trials,
the statistics cannot match those obtained with the Bruceton test for
the 507 point. In order to determine whether any significant
differences did occur at the 107% point, an analytical sensitivity test
procedure designed by Einbinder (Ref 19) was applied to one irradiated
and one control sample of RDX., The sequential test procedure was
implemented at the 10% level for both RDX irradiated for 150 days and
for the control sample. Although the irradiated sample had a 10% fire
level of 23,5 cm (9.25 inches) compared to 19.69 cm (7.75 inches) for
the control, the 957 confidence levels for both samples overlapped,
indicating that there was no statistically significant difference in
impact sensitivity.

From the explosion temperature results in Table 6, it is evident
that the low level long-term gamma irradiation did not have a
significant effect on the thermal sensitivity of the explosives. The
results are consistent within themselves, that is, the apparent
activation energy is higher for HMX than RDX and the values for
the HMX/RDX control and irradiated mixtures fall between those for
RDX and HMX,.

CONCLUSIONS

Long term low-level gamma irradiation (225R/hr for 90, 120,

or 150 days) hqgigg_figgiﬁigggg_giigﬁi on the thermal stability or
thermal and impact sensitivities of RDX, HMX, selected HMX/RDX
mixtures, and Comp B. Exposure of RDX, HMX, and Comp B to gamma
radiation from in-line density gauges at HAAP during shutdown periods
should not have an adverse effect on the sensitivity or stability of

these explosives.
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TABLE 2

Differential thermal analysis of gamma-irradiated explosives

Heating rate - 20°C/min in helium

Gamma exposure rate - 225 R/hr

Explosive Total dose(R)

RDX
10
10
10

(%,

O
X XWX O
(8,4}

0 o~
« s e
8, ]

10
10
10

o O
= Lo
L I =]
(S, E,]

50/50 HMX/RDX

[o 0 S
o« o e
= » W

10
10
10

(%)

XXM O
(8, }

90/10 HMX/RDX
10
10
10

(%,

O
XXM O
)

0 o
(%}

10/90 HMX/RDX
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Comp B

B~

O

»
(9]

10

(%}

Endotherm Exotherm

o o, % o 0
Onset (°C) Peak (TC) Onset ( C) Peak (TC)
180 192,196 203 247
175 191,200 206 257
175 201 207 255
160 198 205 245
175,260 181,262 265 273
177,263 180,265 267 274
184,275 186,277 278 287
183,275 187,277 279 287
160 192,193 218 250
155 190,193 206 265
160 190,193 204 268
184 192,196 210 280
182 190,197 230 282
155 190,192,195,197 220 280
170 189,193,199,201 230 282
165 190,195,198 210 277
160 191,195 205 248
187 194,200 207 270
170 193,198 209 250
160 195,197 205 250
70 78 195 238
70 77 187 240
70 77 183 233

*Underlined temperatures denote maximum peaks.
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Effect of low level long-term gamma radiation
on impact sensitivity

TABLE 5

Gamma dose rate - 225 R/hr

*
P.A. Method

Bruceton Method

*Picatinny Arsenal Impact g‘est:
room temperature about 72 F and 55% to 60%

relative humidity.
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2 kg weight;

Total dose 10% point 50% pt.
Explosive (R) (cm) (in.) (cm) (in.)
RDX 0 5 i1-5.2 6 43.87 + 3.58 17.27 + 1.41
4.9 x lO5 22.9 9 44.22 + 5.23 17.41 + 2.06
6.5 x lO5 17.8 7 34.67 + 9.96 13.61 + 3.92
8.1 x 10 38.1 15 46.56 + 6.17 18.33 + 2.43
HMX 0 5 22.9 9 34.98 + 2.44 13.77 + 0.96
4.9 x lO5 20.3 8 36.20 + 6.02  14.25 + 2.37
6.5 x lO5 25.4 10 37.80 + 2.36 14.88 + 0.93
8.1 x 10 30.5 12 41.90 + 4.55 16.50 + 1.79
50/50 HMX/RDX 0 5 15.2 6 50.22 + 6.17  19.77 + 2.43
4.9 x lO5 22.9 9 43.84 + 11.61 17.26 + 4.57
6.5 x lO5 22.9 9 39.17 + 4.22  15.42 + 1.66
8.1 x 10 35.6 14 38.94 + 8.92 15.33 + 3.51
90/10 HMX/RDX 0 5 17.8 7 45.92 + 3.86 18.08 + 1.52
4.9 x lO5 27.9 11 41.28 + 7.06 16.25 + 278
6.5 x lO5 25.4 10 36.40 + 4.80 14.33 + 1.89
8.1 x 10 25.4 10 36.27 + 5.00 14.28 + 1.97
10/90 HMX/RDX 0 5 17.8 7 54.41 + 3.86 200: 620 sk 15,52
4.9 x lO5 12.7 5 49.81 + 3.25 19.61 + 1.28
6.5 x lO5 20.3 8 44.48 + 14.38 17.51 + 5.66
8.1 x 10 33.0 13 51.44 + 4.32  20.25 + 1.70
Comp B 0 5 43.2 17 56.92 + 6.17 22.41 + 2.43
4.9 x lO5 40.6 16 55.75 + 1.88 21.95 + 0.74
6.5 x lO5 40.6 16 54.25 + 7.09 21.36 + 2.79
8.1 x 10 40.6 16 49.34 + 3.18 19.42 + 1.25



TABLE 6

Effect of low level long-term gamma radiation on explosion temperature

E - apparent

Total dose activation energy Explosion temperature (OC)
Explosive (R) (Kcal/mole) (1 sec) (5 sec) (10 sec)
RDX 0 13.69 322.9% 250.1 223.9
4.9 x 105 15.67 317.0 253.6 230.3
6.5 x 105 14.34 336.2 263.3 237.0
8.1 x 10 16.78 320.7 260.4 238.0
HMX 0 5 30.78 327.2 292.0 278.0
4.9 x 105 29.17 338.3 300.0 284.8
6.5 x 105 27.50 332.2 292.4 276.8
8.1 x 10 38.27 321.5 293.4 282.0
50/50 HMX/RDX 0 5 16.43 327.4 264.6 241.4
4.9 x lO5 16.19 339.5 273.4 249.1
6.5 x lO5 18.57 331.3 274.4 253.0
8.1 x 10 15.46 339.0 270.2 245.1
90/10 HMX/RDX o 15.91 362.7 290.7 264.4 4
4.9 x 105 18.05 350.5 288.4 265.3
6.5 x 105 22.05 343.4 292.8 273.5
8.1 x 10 14.20 384.8 299.9 269.7
10/90 HMX/RDX 0 5 13.26 328.8 252.5 225.3
4.9 x 105 18.91 316.0 262.6 242.5
6.5 x lO5 14.71 332.0 261.6 236.1
8.1 x 10 17.17 325.9 265.8 243.5
Comp B 0 5 18.88 307.8 255.8 236.1
4.9 x 105 12.21 337.4 253.2 223.7
6.5 x lO5 17.69 312.9 256.7 235.8
8.1 x 10 19.22 306.0 255.1 235.9
14




X@g polrerpeairun Ioj weidowisyl VIQ T 2Ind1d

(S37dNOJOWYHIHL TIWNTY TIWOYUHD YOd G3LI3¥HO0I) 32,1

OQN3

iV
15

0X3

00§ 0S¥ 00V 0S€E 00€ 052 002 0S1 001 0§
]
o ~
i / /
¥
e
1 \\ /
P B
E T LT =l ,H e
e
Irf[r - A S £ — T P S PSR ey e Y !
% LYYLS' oz 3Ly Toz3uoy  :NIDIYO
ONILLIS N .
ITH HOLVY¥3dO | %07z [% g | 31VIS |~ 3eem  3IGOW WYdD0dUd
9779211 dlva 1v 1 speag 868D ‘434
4 “CONNNY [T @8 WLV g EVAH] X@E :37dNWYS




1y gszz I® sdep (GT 103 peierpeiar eumed xqu l1oj weidowiayl yIg g 2IndTg

(S314NOJOWHIHL TIWNTY TIWO¥HI ¥O4 03LDF¥NOD) I, 'L

00S 0S¥ 00w 0SE 00E 0sz 002 051 001 0s 0
m
=
o
[=]
.

...!...f,a!r. _
\ T~ =
o >
__\ Ea -
__‘ i
3
|m
e
o
- 2o luvlas'@rgz 3LWM gy cgz aw sdsp peT CNISIMO
ONILLIS 5
rrH HOLYH3dO | ¥ g w0y _.lu.__.__u_m IEQ A00W WYHDO0Hd
EL/EE T 3lvo 1V _ i _ 2 TpEay SEELD 434
1 ‘ON NNH i WLV Wy 3ZIS wrd (3TdWYS

16



¥WH Ppeierpeiatun loj weiSomaayl yvid

‘g 2an81g

(5374NOJ0OWHIHL TIWNTY TIWOHHD HO4 O3LD3HH0D) 2, 'L

QoS 0SSt ooy QSE O0E 052 00 051 0ol 05 0
c
i
(o]
i
PR T
W J. r‘lfli.b
. =
— —
™~
; o
_..K
o
- 1HYL1S' Fua pr 34V INIDIMO
) SNLLLIS
CCH d01vy3do !ﬂ D'z M.u. oS INvaIs 1way F00OW WYHDOHd
Tox3oo0
gz/tr/e  31va 1V 1 spueg ssern 43U
~ "ON NN R MWLY g 3718 wm -3TdWYS

17



| -

14y/9cgz I® sLep QGT 103 pejerpeiir pumed Yy o3 weifomiayl yIg

{S374N0J0OWHIHL TINNTY TIAWOYHD Hod 03L038M0D) 2,'L

4 a1n81g

3vas TEEE JO0OW WYHDO0Nd

WAY | T

FpUag eEETS ‘434
- i -1

QO0E 052 ooz
..\_______,1
"
b ._\ii...q.llulnl..
| ‘ s
B
e 1Mv¥Ls' ﬁlﬁﬂluh(m BATP ST PRIRFPRIAT NIDINO

SNILLIS

odN3

1V

18

0X3

¥HH 3TdWYS




DISTRIBUTION LIST

Commander

Picatinny Arsenal

ATTN: Scientific and Technical Division
Safety Office, SARPA-S
Mr. H.J. Jackson, SARPA-FR-E-P
Mr. D. Stein, SARPA-QA-T

Dover, NJ 07801

Project Manager for Munition Production

Base Modernization and Expansion

US Army Materiel Development and Readiness Command
ATTN: DRCPM-PBM-EP

Dover, NJ 07801

Commander
US Army Materiel Development and Readiness Command
ATTN: Scientific & Technical Info Division
DRCDMB-ST
Mr. W.G. Queen, DRCSG-S
5001 Eisenhower Avenue
Alexandria, VA 22304

Commander

US Army Armament Command

ATTN: DRSAR~-MS
Mr. G. Chesnov, DRSAR-RDM
Mr. R.E. Young, DRSAR-SF
DRSAR~PPI

Rock Island, IL 61201

Director

DARCOM Field Safety Activity
ATTN: DRXO0S-ES

Charleston, Indiana 47111

Senior Standardization Representative
US Army Standardization Group

P.0. Box 65

FPO New York, NY 09510

Commander

Harry Diamond Laboratories

ATTN: Library, Room 211, Bldg 92
Connecticut Ave and VanNess St, NW
Washington, DC 20438

19

Copy No.

OOO"\i—'

w N

14

15
16-17
18

19

20

21-24

25

26

27

28



Director

US Army Ballistic Research Laboratories
ATTN: Scientific and Technical Info Div
Aberdeen Proving Ground, MD 21005

Commander

US Army Mobility Equipment R&D Center
ATTN: Scientific and Technical Info Div
Fort Belvoir, VA 22060

US Army Foreign Science & Technology Center
ATTN: AMXST-ISI

220 Seventh St NE

Charlottesville, VA 22901

Institute for Defense Analyses
ATTN: Library, Documents

400 Army-Navy Drive

Arlington, VA 22201

US Army Research Office

ATTN: RDRD

P.0. Box 12211

Research Triangle Park, NC 27709

Defense Documentation Center
Cameron Station
Alexandria, VA 22314

Central Intelligence Agency
ATTN: CRS/ADD/Standard Distribution
Washington, DC 20505

Commander

Frankford Arsenal

ATTN: Scientific & Technical Info Div
Pitman-Dunn Laboratory

Philadelphia, PA 19137

Commander
Edgewood Arsenal
Manufacturing Technology Directorate
Hazards Materials Engineering Office
ATTN: Mr. Paul Henderson

Safety Office
Edgewood, MD 21005

20

29

30

31

32

33

34-45

46

47
48

49
50




Commander

Naval Weapons Center (Code 533) =

ATTN: Scientific & Technical Info Div 51
China Lake, CA 93555

Commander

Naval Surface Weapons Center

ATTN: Scientific & Technical Info Div 52
White Oak Laboratory

White Oak, MD 20910

Commander

US Naval Ordnance Station

ATTN: Scientific & Technical Info Div 53
Indian Head, MD 20640

Commander

Naval Air Systems Command

Dept of the Navy

ATTN: Code AIR-53221 54
Washington, DC 20360

Commander

US Air Force

ATTN: AFATL/DLOSL 55
Eglin Air Force Base, FL 32542

Commander 56-58
Holston Army Ammunition Plant '
Kingsport, Tenn 37662

Commander 59
Iowa Ammunition Plant
Burlington, Iowa 52601

Director

Los Alamos Scientific Laboratory

ATTN: Technical Library 60
P.0. Box 1663

Los Alamos, NM 87544

Lawrence Radiation Laboratory

ATTN: Technical Library 61
Mrs. B. Dobratz, Chem. and Mat. Sci. Dept. 62
P.0. Box 808

Livermore, CA 94550

21



Sandia Corporation
ATTN: Technical Library
Albuquerque, NM 87115

Redstone Scientific Information Center
US Army Missile Command

ATTN: Chief, Document Center
Redstone Arsenal, Alabama 35808

ERDA/AEC
Division of Technical Information
Oak Ridge, Tenn 37830

Scientific and Technical Information Facility
ATTN: NASA Representative (S-AK/DL)

P.0. Box 5700

Bethesda, MD 20014

Dr. Paul W. Levy

Physics Department

Brookhaven National Laboratory
Upton, Long Island

New York 02173

Department of the Army

Scientific Information Section
Research Branch - Res & Dev Division
Office, Assistant Chief of Staff
Washington, DC 20315

NASA - Langley Research Center
ATTN: Mr. L. Bemont (Code 326)
Hampton, VA 23365

Commander

Picatinny Arsenal

ATTN: Louis Avrami, SARPA-FR-E
Dover, NJ 07801

22

63

64 -

65

66

67

68

69

70-80




